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εr(x, y) = εra + (εrb − εra)H(w(x, y)) (1)
????εra?εrb ?????????????????
H(ξ)? ξ ?????? 0? 1??????????
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(0 ≤ ξ < t)
1 (ξ ≥ t)
(2)
??? t? H(ξ)????????????????
?????|w(x, y)| < t?????????????
??????????????? t?
t = t0 exp (−αn/N) (3)
????????????????????????
?????????????????? t → 0???
??????????????? [10]?????N ?
???????n????????????????






























+ k20qΦ = 0 (5)
??? k0 ???????????Φ?px?py?q ?
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, q = sxsyεr
TM??????










, q = sxsy
???????????sx?sy ??????????
????????????????????? (PML?
Perfectly Matched Layer) ???????????
??PML???? sx = sy = 1??? [15]?
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[P ] {Φ} = {u} (7)
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??? (AVM?Adjoint Variable Method) [5]?[12]
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??? 1 ? port 1 ???????????? (7)
????????? {Φ}??????port n???
??????????? Sn1 ?





[M ] {Φ∗n} (13)








































= −{gn}T [P ]−1 ∂ [P ]
∂ci
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[P ]T {λn} = {gn} (18)





















































? 1 ??? 1?? 2??????????????
??????????? λ = 1.55 μm? TE????
?? port 2 ??TM ?????? port 3 ????
????????????????????????
n1 = 3.4?n2 = 1.45?????????w = 0.2 μm?













(∣∣∣STE31 ∣∣∣4 + ∣∣∣STM21 ∣∣∣4
)
(22)
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???????? K = 20 ?????????|∇C|
?????????????????Copt ?????



























?????Nx = Ny = 24 = 16??????????
????????????????????????
????????????????????????













Fig. 2 Topology optimization results using Fourier
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Fig. 3 Topology optimization results using Fourier
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Fig. 4 Topology optimization results using Fourier
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Fig. 5 Topology optimization results using sampling
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Fig. 6 Topology optimization results using sampling
function considering wavelength insensitivity.
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Fig. 8 Dependence of gray setting on optimization
results.
? 1 ????????????????
Table 1 Property degradation by eliminating gray
region.
t ??? ??? [dB] XT [dB] ??? [dB]
? −0.171 −19.93 −35.53
0.1
? −6.101 −20.96 −8.015
? −0.171 −19.93 −35.53
0.05
? −1.787 −20.32 −7.620
? −0.254 −18.19 −28.90
0.01
? −0.232 −18.10 −28.30
? −0.143 −27.07 −26.05
??
? −0.143 −27.07 −26.05
XT???????
??????????????????????? 5
??????????????????? t = 0.1,
0.05, 0.01???????????? 8 ??????























?? ???? JSPS??? 15K06009?????
???????????????????
? ?
[1] J. Jiang, J. Cai, G.P. Nordin, and L. Li, “Parallel mi-
crogenetic algorithm design for photonic crystal and
waveguide structures,” Opt. Lett., vol.28, pp.2381–
2383, Dec. 2003.
[2] Y. Sakamaki, T. Saida, T. Shibata, Y. Hida, T.
Hashimoto, M. Tamura, and H. Takahashi, “Y-
branch waveguides with stabilized splitting ratio de-
signed by wavefront matching method,” IEEE Pho-
tonics Technol. Lett., vol.18, pp.817–819, April 2006.
[3] W.R. Frei, D.A. Tortorelli, and H.T. Johnson, “Ge-
ometry projection method for optimizing photonic
nanostructures,” Opt. Lett., vol.32, pp.77–79, Jan.
2007.
[4] J. Liu and J. Vuckovic, “Nanophotonic com-
putational design,” Opt. Express, vol.21, no.11,
pp.13351–13367, May 2013.
[5] J.S. Jensen and O. Sigmund, “Systematic design of
photonic crystal structures using topology optimiza-
tion: Low-loss waveguide bends,” Appl. Phys. Lett.,
vol.84, no.12, pp.2022–2024, March 2004.
[6] J.S. Jensen, O. Sigmund, L.H. Frandsen, P.I. Borel,
A. Harpoth, and M. Kristensen, “Topology design
and fabrication of an eﬃcient double 90◦ photonic
crystal waveguide bend,” IEEE Photonics Technol.
Lett., vol.17, no.6, pp.1202–1204, June 2005.
[7] Y. Tsuji, K. Hirayama, T. Nomura, K. Sato, and S.
Nishiwaki, “Design of optical circuit devices based
on topology optimization,” IEEE Photonics Technol.
Lett., vol.18, no.7, pp.850–852, April 2006.
[8] Y. Tsuji and K. Hirayama, “Design of optical cir-
cuit devices using topology optimization method with
function-expansion-based refractive index distribu-
tion,” IEEE Photonics Technol. Lett., vol.20, no.12,
pp.982–984, June 2008.
[9] K. Fujimoto, Y. Tsuji, K. Hirayama, T. Yasui, S.
Sato, and R. Kijima, “A study on topology optimiza-
tion of optical circuits consisting of multi-materials,”
J. Lightwave Technol., vol.30, no.13, pp.2010–2215,
July 2012.
[10] T. Yasui, Y. Tsuji, J. Sugisaka, and K. Hirayama,
“Design of three-dimensional optical circuit de-
vices by using topology optimization method with
function-expansion-based refractive index distribu-
tion,” J. Lightwave Technol., vol.31, no.23, pp.3765–
223
??????????? 2017/5 Vol. J100–C No. 5
3770, Dec. 2013.
[11] H. Goto, Y. Tsuji, T. Yasui, and K. Hirayama, “A
study on optimization of waveguide dispersion prop-
erty using function expansion based topology opti-
mization method,” IEICE Trans. Electron., vol.E97-
C, no.7, pp.670–676, July 2014.
[12] Z. Zhang, Y. Tsuji, T. Yasui, and K. Hirayama,
“Design of ultra-compact triplexer with function-
expansion based topology optimization,” Opt. Ex-
press, vol.23, no.4, pp.3936–3950, Feb. 2015.
[13] ? ???“????????? 3 ??????????
???????????” ????C??vol.J100-C, no.2,
pp.53–60, Feb. 2017.
[14] A. Iguchi, Y. Tsuji, T. Yasui, and K. Hirayama,
“Topology optimization of optical waveguide devices
based on beam propagation method with sensitivity
analysis,” J. Lightwave Technol., vol.34, no.18,
pp.4214–4220, Sept. 2016.
[15] Y. Tsuji and M. Koshiba, “Finite element method
using port truncation by perfectly matched layer
boundary conditions for optical waveguide disconti-
nuity problems,” J. Lightwave Technol., vol.20, no.3,
pp.463–468, March 2002.
??? 28 ? 8 ? 31 ????12 ? 21 ?????













?)?? 8 ???? 10 ????????? 10 ???????
?????? 12 ? IEEE Third Millenium Medal ????
??????IEEE?OSA ????
?? ?? ????
? 14 ?????????????? 16
???????????? 19 ?????
??????????????? 22 ??
????????????? 24 ?????
???????????????????
???????????? (??)?OSA?
IEEE ????
224
